ABSTRACT

23
Background
24
Shiga-toxin E. coli infections remain a public health concern because of the severity of the 25 gastrointestinal illness and associated complications. Transmission pathways are typically 26 elucidated from outbreaks, with foodborne transmission the primary source. However, most 27 STEC cases are sporadic. This systematic review aimed to identify the most common pathways 28 for sporadic STEC transmission and quantify their importance.
29
Methods
30
We systematically reviewed epidemiological studies of sporadic (non-outbreak) STEC cases that 31 investigated potential risk factors. Searches were run in Medline, EMBASE, and Scopus.
32
Included studies needed to confirm STEC infection and investigate ≥20 cases.
33
Results
34
31 studies were included, of which 25 were case-control or case-case studies. 62.5% found 35 consumption of undercooked/raw meat associated with STEC infection while 70.4% found 36 contact with animals or their environment a risk factor. Random-effects meta-analysis provided 37 pooled odds ratios and population attributable fraction (PAF). The PAF was 19% for 38 undercooked/raw meat, followed by person to person transmission at 15%. Contact with animals 39 and visiting farm environments had PAFs of 14% and 12% respectively. Most STEC infections are caused by E. coli O157:H7, but over 100 different shiga-toxin 54 producing E. coli serotypes are associated with human illness [1, 2] . STEC is associated with 55 more severe disease and increased complications compared to other bacterial causes of 56 gastroenteritis [3] [4] [5] . Cases typically present with abdominal cramps, vomiting, and/or diarrhea, 57 which may progress to haemorrhagic colitis. About 30% of confirmed cases require 58 hospitalization [6] , and about 10% of cases progress to haemolytic uremic syndrome (HUS), 59 characterized by anaemia, kidney failure, and low platelet counts [7] .
60
In outbreaks (groups of linked infections), most cases relate to contaminated food [8, 9] . were extracted by one reviewer into a standardized form and verified by a second reviewer.
METHODS
73
Search Strategy and Inclusion Criteria
101
Articles not in English were extracted by only one reviewer.
102
Quality Assessment
103
Quality assessment for the studies was based on the Newcastle-Ottawa scale that was 104 tailored to the potential biases that could exist in these specific study designs [14] . Studies were 105 judged for quality across three categories: study design, comparability of controls, and data 106 collection. Within each category, two to four features that could influence the validity or the 107 generalisability of study results were graded on their risk of bias, as low, high, or unclear. The 108 categories are described in Supplementary Appendix 3. Studies were then labelled as either of
109
"acceptable" or "poor" quality depending on whether 50% or greater of the fields had "unclear"
110
or "high" risk of bias.
111
Synthesis of Results
112
A publication bias, funnel plots were generated in RevMan and a visual assessment made.
132
RESULTS
133
From the initial search and after duplicate removal, 5,952 studies were screened on title 134 and abstract (Figure 1 The possible transmission routes were grouped to create several categories of exposure.
162
Before determining the most common transmission pathways, whether or not each study 163 evaluated an exposure route was determined (Supplemental Table 2 ). All 31 studies assessed 
167
To determine the most common pathways of transmission, the percentage of studies 168 which assessed that exposure that found it significantly associated with STEC infection was 169 calculated ( To determine if study quality affected the results of the most commonly found pathways,
181
the studies were split into their acceptable and low quality rating and the percentage of studies 182 finding a specific risk factor as associated with STEC infection were recalculated for each group 183 (see Table 3 ). The difference in proportion between the studies of different qualities was 184 significant only for cooked beef and dairy, indicating that study quality does not greatly affect 185 which of the transmission routes was found most often in the included studies.
186
Twenty-eight of the 31 studies came from one of four regions: USA, Canada, UK, and
187
Europe. The percentage of studies finding a risk factor that was significantly associated with
188
STEC infection was re-calculated for each of these regions to find geographic differences in the 189 STEC transmission routes (Table 4 ; full break-down by region in Supplemental Where ≥50% of the studies identified a particular risk factor as significant (Table 2) STEC infection for undercooked or raw meat, the proportion of exposed cases was calculated for 215 each study; information was not available for two of the 18 included in the meta-analysis. This 216 information was used to generate a pooled proportion of exposed cases; this and the pooled odds 217 ratio were used to calculate a PAF of 19% (95% CI: 13-22%) (Table 6 ).
218
14 studies assessed living on or visiting a farm; information for meta-analysis was not 219 available for three of these ( Figure 3 ). The combined odds ratio for visiting a farm was 2.6 (95% areas. This, combined with the fact that STEC incidence rates vary by country, indicates that 300 case-control studies need to be performed to identify the best prevention strategies for each 301 country.
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595
For Werber, exposure to undercooked or raw meat was only significant in age groups over 10 596 years old. For Friesema, those under 10 had an OR of 10 (2.3-43.5), but this was not included in 597 the meta-analysis to prevent over-representation of this study in the results. * OR was adjusted 598 for possible confounders. "Not estimable" means no data relevant to this risk-factor could be 599 extracted. 
602
This risk factor was only significant in the Kassenborg study for children under 6 years old. The
603
Werber study values were calculated using EpiInfo from data provided in the manuscript. * OR 604 was adjusted for possible confounders. "Not estimable" means no data relevant to this risk-factor 605 could be extracted. 
608
For Friesema, animal contact was only significant for non-O157 and cases under 10 years old.
609
Similarly, Weber found this risk factor significant for those under three years old. Kassenborg 610 found it significant for those over 6 years of age. * OR was adjusted for possible confounders.
611
"Not estimable" means no data relevant to this risk-factor could be extracted. 
614
The OR for Werber was calculated by combining data, given in the paper, from all age groups 615 using EpiInfo. * OR was adjusted for possible confounders. "Not estimable" means no data 616 relevant to this risk-factor could be extracted. 
